Restrictions on the use of antibiotics in broiler chicken production have led to a resurgence in necrotic enteritis (NE) and heightened interest in non-antibiotic alternatives to control the problem. Probiotics, which are beneficial bacteria that improve the enteric microbial balance, and which range from defined single-organism products to complex mixtures of undefined normal gut flora (the latter known as competitive exclusion cultures) have been investigated as alternative control measures for NE, with varying results. In this study, a complex undefined competitive exclusion culture (Aviguard) was compared to bacitracin methylene disalicylate (BMD) in a NE challenge model. Male broiler chickens housed in floor pens were either treated with Aviguard on the day of hatch, fed rations containing 55 ppm of BMD, or untreated, then challenged with coccidiosis and Clostridium perfringens in a NE challenge model. One group was untreated and unchallenged. The challenge successfully induced NE as evidenced by challenge control having NE mortality (12%) and lesion scores (0.367). The Aviguard group had numerically lower lesion scores (0.267) and the Aviguard and BMD groups had significant lower mortality (8%; 9%, respectively). There were no significant treatment effects on adjusted feed conversion or body weight by 42 d. Poultry producers do not adjust feed conversion for mortality, therefore using this standard, the Aviguard treatment was the only treatment for which the feed conversion that was not adjusted for mortality was statistically the same as the unchallenged control group (1.653; 1.636, respectively).
DESCRIPTION OF THE PROBLEM
Necrotic enteritis (NE) is a common and costly disease of poultry caused by Clostridium perfringens. NE in its acute clinical form causes significant mortality and in its subclinical form significantly impairs bird performance [1] . Legislative and marketingdriven restrictions on the use of antibiotics and ionophores in broiler chicken production have led to a resurgence in NE, and heightened interest in non-antibiotic alternatives to control the problem [2] . Proposed non-antibiotic alternatives include competitive exclusion (CE) cultures, probiotics, prebiotics, organic acids, enzymes, plant extracts, egg yolk immunoglobulins, bacteriophages, vaccination, yeast products, and nutritional strategies [3, 4] . Probiotics have been defined as live microorganisms which beneficially affect the host by improving its microbial balance [3, 5] . They range from defined single-organism products to complex mixtures of undefined normal gut flora, the latter usually termed CE cultures. The proposed modes of action of CE cultures include competition with pathogens for nutrients and binding sites, production of inhibitory short-chain volatile fatty acids, alteration of gut pH, production of antimicrobial substances such as bacteriocins, and alteration of gut immune responses [3, 5] . CE cultures are administered early in life, typically at day one, to promote early colonization with beneficial complex flora to exclude pathogens. This study examined the effects of a complex undefined CE culture, Aviguard [6] given by spray at day of hatch, compared to the antibiotic bacitracin methylene disalicylate (BMD) in the feed in a NE challenge model [7] .
MATERIALS AND METHODS
Commercial broilers housed on litter in floor pens and fed typical corn-soy diets were used to replicate commercial conditions. The NE challenge model was the model of Hofacre et al. using coccidiosis and C. perfringens challenge to replicate disease similar to that seen in the field [8] . The alternative non-antibiotic treatment of an undefined CE culture, given only once orally at day of age, was compared to the antibiotic BMD at 55 ppm as the standard commercial antibiotic preventative.
Birds
This study was approved by the Southern Poultry Research Group Institutional Animal Care and Use Committee (IACUC). Twothousand, four-hundred (2400) day-of-hatch Ross 708 male broiler chicks were obtained from the hatchery [9] . Upon arrival at the experimental facility all birds were vaccinated by spray cabinet with a commercial coccidiosis vaccine, Advent TM [10] , at the normal recommended dosage per manufacturer instructions.
Housing
Chicks were housed in 1 m × 3 m floor pens at a stocking density of 0.06 m 2 per bird (50 birds per pen) in a solid-sided barn with concrete floors. Litter consisted of approximately 10 cm of fresh pine shavings. Litter was not replaced or amended during the course of the study. Feed and water were available ad libitum throughout the trial. Each pen contained one tube feeder and one bell drinker. Thermostatically controlled gas heaters provided the primary heat source for the barn. One heat lamp per pen provided supplemental heat during brooding. Fans were used to cool birds and control air quality. Birds were provided a broiler lighting program per the primary breeder recommendations [11] .
Experimental Design
After vaccination for coccidiosis, birds were assigned to four treatment groups with 12 replicate pens per treatment and 50 birds per pen. The pen facility was divided into 12 blocks with each block containing each of the four treatment groups. Treatment groups were assigned to pens in a randomized complete block design using Random Permutation Tables [12] . Only healthy birds were selected and no birds were replaced during the course of the study. The four groups consisted of: Group 1, the Aviguard-treated, challenged group; Group 2, the untreated challenged group (challenge control); Group 3, feed medicated with BMD at 55 ppm and challenged; and Group 4, untreated, unchallenged group (negative control). The Aviguard was mixed and administered according to manufacturer's instructions and given at day of age prior to placement in the pens at 0.25 mL per chick, by coarse spraying a box of 100 chicks with 25 mL of the prepared inoculum.
Feeds
Rations consisted of non-medicated cornsoy commercial-type broiler starter, grower, and finisher diets compounded according to NRC guidelines and containing feedstuffs commonly used in the United States (Table 1) . No animal byproducts were used. Rations were fed ad libitum as follows: Starter-DOT 0 to DOT 20, grower-DOT 20 to DOT 35, and finisher -DOT 35 to DOT 42 (study termination). Starter feed was fed as crumbles and grower and finisher feeds as pellets. Medicated feeds for Group 3 were prepared from the basal feed formulation, BMD added at 55 ppm, and mixed prior to pelleting to assure uniform distribution. Feeds were stored in bags in a climate-controlled storage 
Management
No concomitant drug therapy was used during the study. Disposable plastic boots were worn by all study personnel required to enter pens. The disposable plastic boots were removed as the person stepped out of the pen to avoid crosscontamination. All pens were monitored for general flock condition, temperature, lighting, water, feed, litter condition, and unanticipated house conditions/events. Birds were culled only to relieve suffering. Date and removal weight were recorded on all birds culled or found dead. A gross necropsy was performed on all dead or culled birds to determine the probable cause of death. Signs of NE or non-specific enteritis were noted. No unexpected adverse events or deviations from the protocol were noted.
Necrotic Enteritis Challenge and Lesion Scoring
The challenge model consisted of coccidia and C. perfringens strain #6, a modification of a previously published method [8] . The coccidiosis challenge consisted of the day old vaccination plus 4,000 oocysts of Eimeria maxima per pen in 20 mL of water poured onto the litter around the feeders and drinkers on day 14. For the C. perfringens strain #6 challenge, feed and water were withdrawn for 2 to 3 h prior to administration. Approximately, 125 mL of C. perfringens #6 (C.P.#6) 15-h culture at approximately 1 × 10 8 CFU/mL was added to 75 mL of water, thoroughly mixed, and administered via the drinkers. This 200 mL volume was consumed within 30 min, at which time feed and water were returned to the pen. This dose was given on DOT 18, 19, and 20 to birds in the challenged groups. On DOT 21 three birds per pen were humanely euthanized by cervical disarticulation, weighed, necropsied, and lesions scored by the same investigator using a previously described scale [8] . Lesion scores were 0 = normal; 1 = mild, slight mucus covering the small intestinal mucosa; 2 = moderate, necrotic small intestinal mucosa; and 3 = severe, with necrosis and sloughed debris and blood in the small intestine. Birds were weighed by pen on days 0, 20, and 42.
Statistical Analysis
Means for pen weight gain, feed consumption, feed conversion (adjusted for mortality: feed consumed/(final live weight + mortality weight)), NE lesion scores, and NE mortality were calculated. The mortality was assessed by gross lesions on necropsy enlarged dark-colored livers and the pseudomembrane appearance of classical NE in the small intestine. Statistical evaluation of the data was performed using SPSS v24.0 [13] . Results on performance of the animals were analyzed by a Mixed Model with treatment as a fixed factor and pen as a random factor. Data on mortality were analyzed using a binary logistics (Generalized Lineair Model).
RESULTS AND DISCUSSION
The C. perfringens challenge was successful in reproducing clinical NE as evidenced by 12% mortality and 0.37 average NE lesions in the untreated control, Table 2 . Both .Aviguard and BMD has a significant lower NE mortality compared to untreated control. Aviguard had only 8% NE mortality and 0.27 average NE lesion score with the antibiotic BMD having 8% mortality and 0.35 average lesion score.
The effects of C. perfringens on body weight and feed efficiency are often thought to be more costly to the broiler producer than clinical NE [14] . At 20 d, early in the NE infection, there were no significant differences in body weight, feed conversion (adjusted for mortality), or feed conversion (not adjusted), Table 3 . Also at 42 d, there were no significant differences in adjusted feed conversion or body weight but the feed conversion that was not adjusted for NE mortality demonstrated significant reduction for the non-challenged unmedicated and the Aviguard treatments (Table 4) . When measuring a flock's performance, poultry producers do not adjust feed conversion for the mortality. In this Entries within a column with the same superscript are not significantly different (P < 0.05). study, the Aviguard had the lowest numerical NE mortality of the challenge groups and also lower feed intake. This would corroborate the work by Kaldhusdal et al. that the normal flora bacteria in the undefined C.E. product were able to assist the bird in recovering from the significant insult by the C. perfringens [15] . A large volume of literature is accumulating concerning various alternative products to replace antibiotics and control NE, but the results are frequently variable or conflicting and the alternatives to date only partially compensate for the loss of antibiotics [14] . In the case of probiotics used for Salmonella control, results with undefined complex CE cultures have generally been more encouraging than those with defined cultures consisting of one or a few species [3, 16] . It appears that obligate anaerobes, supported by facultative anaerobes, are important in the control of Salmonella and Clostridium [15] . There is much less data on CE for control of C. perfringens as compared to that for Salmonella, and the types of cultures needed and their efficacy against NE could well differ.
CONCLUSIONS AND APPLICATIONS
1. The NE challenge model used in this study induced significant clinical NE mortality and lesions. 2. The undefined C.E. product, Aviguard, given only once and the antibiotic BMD fed continuously had numerically lower lesion scores and significantly lower mortality among the three-challenged groups, 3. The Aviguard group was numerically superior for adjusted feed conversion and the BMD group was numerically superior for weight gain at 42 d, none of these differences were statistically significant. 4. Poultry producers do not adjust a flocks feed conversion for mortality; therefore, the lower NE mortality by the Aviguard did significantly lower the feed conversion when not adjusted for mortality.
